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Background: A substantial reduction in the number of cardiac implantable

electronic device (CIED) implantation was reported in the early stages of the

COVID-19 pandemic. None of the studies have yet explored changes in CIED

implantation during the following pandemic.

Objective: To explore changes in CIED implantation during the COVID-19

pandemic from 2020 to 2021.

Methods: From 2019 to 2021, 177,263 patients undergone CIED implantation

from 1,227 hospitals in China were included in the analysis. Generalized linear

modelsmeasured the di�erences in CIED implantation in di�erent periods. The

relationship between changes in CIED implantation and COVID-19 cases was

assessed by simple linear regression models.

Results: Compared with the pre-COVID-19 period, the monthly CIED

implantation decreased by 17.67% (95% CI: 16.62–18.72%, p < 0.001) in 2020.

In 2021, the monthly number of CIED implantation increased by 15.60%

(95% CI: 14.34–16.85%, p < 0.001) compared with 2020. For every 10-fold

increase in the number of COVID-19 cases, themonthly number of pacemaker

implantation decreased by 429 in 2021, while it decreased by 676 in 2020. The

proportion of CIED implantation in secondary medical centers increased from

52.84% in 2019 to 56.77% in 2021 (p < 0.001). For every 10-fold increase in

regional accumulated COVID-19 cases, the proportion of CIED implantation

in secondary centers increased by 6.43% (95% CI: 0.47–12.39%, p = 0.036).

Conclusion: The impact of the COVID-19 pandemic on the number of CIED

implantation is diminishing in China. Improving the ability of secondarymedical

centers to undertakemore operationsmay be a critical way to relieve the strain

on healthcare resources during the epidemic.

KEYWORDS

COVID-19, cardiac implanted electronic device (CIED), healthcare resource,

secondary hospital, telemedicine, post COVID-19
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Introduction

Coronavirus disease 2019 (COVID-19) has caused

unprecedented strains on healthcare resources (1, 2), with

over 500 million infections and six million deaths caused

by the illness over the past two years (3). In response,

governments have imposed restrictions on movement and

social distancing to mitigate the spread (4–6). Additionally,

cardiology societies have issued guidelines recommending

the postponement or cancellation of any non-urgent elective

procedures to conserve healthcare resources, including the

placement of cardiac implantable electronic devices (CIED)

(7). Focusing on the early stages of the outbreak, studies from

several countries have reported a substantial reduction in

the number of cardiac interventions (8–16). However, the

survival benefits of CIED implantation have been clearly

established (17), and delayed implantation may lead to poor

patient outcomes. After the first pandemic wave, several

critical measures that have been adopted in many countries,

such as the development of COVID-19 vaccines (18–21)

and the application of telemedicine (22–24), may have had

a significant impact on the spread of the disease and the

management of cardiac interventional procedures. But no

studies have yet reported changes in CIED implantation during

the following pandemic.

As the first country to report COVID-19, China has also

faced an unprecedented public health challenge. Studies have

reported decreases in coronary interventional surgery in Hubei

(5) and Beijing (15). Focused on arrhythmia, the Chinese

Society of Arrhythmia (CSA) and the Chinese society of

pacing and electrophysiology (CSPE) have co-proposed “3R

telemedicine project” in 2020, aiming to improve the ability

of secondary centers in performing interventional procedures.

However, no studies have examined the status of CIED

implantation in China. This study aimed to assess the impact

of COVID-19 on CIED implantation in terms of quantity

and structure in China during various periods, and provide

experience in the management of CIED implantation during

the pandemic.

Methods

The national center for cardiovascular
quality improvement database

We retrospectively analyzed archived data from the

National Center for Cardiovascular Quality Improvement

(NCCQI) database. NCCQI was established by the National

Center for Cardiovascular Diseases under the guidance

of the National Health Commission of the People’s

republic of China, to strengthen the quality management

of cardiovascular diseases. All data were reviewed and

confirmed by the provincial sub-centers and then aggregated

to the National Center for Cardiovascular Diseases and

managed by the NCCQI committee. The number and

types of newly CIED implantation (including pacemaker

[PM], implantable cardiac defibrillator [ICD], and cardiac

resynchronization therapy [CRT]) were uploaded to the

database every month in each hospital. By December 2021,

1227 hospitals that have the facility and ability to perform

CIED implantation from 31 provinces in China (all except

Macau, Hong Kong, and Taiwan) had participated. All data

used in this article are verifiable and have been approved by

the committee.

The COVID-19 pandemic in China

In China, COVID-19 was managed as a Class A (highest

level) infectious disease in January 2020 (Figure 1) after COVID-

19 cases were reported in late December 2019. By December

31, 2021, a total of 102,341 cases had been confirmed in

31 provinces (all except Macau, Hong Kong, and Taiwan).

The COVID-19 vaccine began being applied in January

2021, and over 2,835 million COVID-19 vaccination doses

have been administered in total by December 31, 2021. All

data and information on the COVID-19 pandemic in China

mentioned in this article were collected from the websites of

the National Health Commission (http://www.nhc.gov.cn/wjw/

index.shtml) and provincial health commissions. The visualized

data are also available from the website (https://2019ncov.

chinacdc.cn/2019-nCoV/) established by National Centers for

Disease Control.

Data collection in di�erent periods of
COVID-19 in China

Data about newly confirmed and cumulative COVID-

19 cases every month were collected across 31 provinces,

as well as the monthly COVID-19-related deaths and the

number of vaccinations administered. The year 2019 was

defined as the pre-COVID-19 period, and data on CIED

implantations were used as the control group. Data from

2020 and 2021 were used to compare the annual changes

in CIED implantations in the early and the following stage

of the pandemic, respectively. Data on monthly or regional

implantations of different types of devices nationwide were

collected to compare the differences during the pre-COVID-19

period, 2020, and 2021. All data used were mutually checked by

four authors and finally reviewed by the corresponding author.

The requirement for written informed consent was waived

owing to the retrospective study design and results without

patient characteristics.
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FIGURE 1

The trend of CIED implantation from 2019 to 2021 and COVID-19 pandemic in China. COVID-19: Coronavirus disease 2019; CRT, cardiac

resynchronization therapy; ICD, implantable cardiac defibrillator; PM, pacemaker.

TABLE 1 The monthly number of CIED implantation and confirmed COVID-19 cases from 2019 to 2021.

Month 2019 2020 2021

CIED

number

CIED

number

Changes (vs.

2019), %

COVID-19

cases

CIED

number

Changes (vs.

2019),%

Changes (vs.

2020), %

COVID-19

cases

January 5,010 3,341 −33.31% 11,791 4,359 −12.99% 30.47% 2,493

February 3,625 1,396 −61.49% 68,033 3,236 −10.73% 131.81% 348

March 6,009 3,678 −38.79% 1,730 6,208 3.31% 68.79% 305

April 6,679 5,246 −21.46% 1,320 6,483 −2.93% 23.58% 454

May 6,138 5,215 −15.04% 143 5,808 −5.38% 11.37% 451

June 5,375 5,461 1.60% 517 5,743 6.85% 5.16% 670

July 6,383 5,623 −11.91% 803 5,895 −7.65% 4.84% 1,213

August 5,403 5,020 −7.09% 721 4,989 −7.66% −0.62% 1,893

September 5,395 5,260 −2.50% 356 5,220 −3.24% −0.76% 1,264

October 4,788 4,014 −16.17% 583 4,479 −6.45% 11.58% 1,081

November 4,772 4,207 −11.84% 4 4,463 −6.48% 6.09% 1,581

December 4,300 4,130 −3.95% 529 3,912 −9.02% −5.28% 3,490

Total 63,877 52,591 −17.67% 87,071 60,795 −4.82% 15.60% 15,243

CIED, cardiac implantable electronic device; COVID-19, Coronavirus disease 2019.

The classification of centers and the 3R
telemedicine project

In response to challenges proposed by the pandemic,

CSA and CSPE co-proposed the “3R Telemedicine Project”

in 2020, aiming to improve the ability of secondary centers

to manage arrhythmia interventions. Specifically, this project

directs the major centers of each province to deliver remote

training to secondary centers, providing real-time guidance for

operations, with postoperative remote follow-up management.

To compare the changes in CIED implantation proportion

of different centers, hospitals in the NCCQI were divided

into major centers and secondary centers. The major centers

were the top three hospitals for CIED implantation, and the

hospitals with fewer CIED implants in each province were

defined as secondary centers. Of the 31 total provinces, three

Frontiers in PublicHealth 03 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1031241
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Cheng et al. 10.3389/fpubh.2022.1031241

were excluded because there were fewer than six centers;

thus, 1,218 hospitals from 28 provinces were included in

the analysis.

Statistical analysis

Continuous variables are summarized as median

(interquartile range) for skewed distributions. Categorical

variables, presented as numbers with relative percentages,

were compared using the chi-squared test. The Bonferonni

procedure was used to adjust for multiple testing. Assuming

that the monthly number of patients followed a Poisson

distribution with a log link function, generalized linear models

were established to determine the difference in monthly

CIED implantations between different periods. The change in

monthly CIED implantations between different periods was

expressed as the change in the rate of events. The data about

COVID-19 cases were logarithmically transformed (Log10).

Scatter diagrams and simple linear regression models were

used to assess the relationship between changes in CIED

implantation and monthly regional confirmed COVID-19 cases.

The relationship between changes in the CIED proportion

in secondary hospitals and regional COVID-19 cases was

also assessed by simple linear regression models. Statistical

significance was set at P < 0.05, and all tests were two-sided.

Statistical analyses were conducted using R version 4.0.3 (The

R Foundation for Statistical Computing, Vienna, Austria) and

SPSS statistical software version 23 (IBM Corp., Armonk,

N.Y., USA).

Results

Overall CIED implantations and the
COVID-19 pandemic

A total of 177,263 patients who had undergone CIED

implantation from 1,227 hospitals in 31 provinces in

China between January 01, 2019, and December 31,

2021, were included in the analysis. Figure 1 shows the

trends of various types of CIED implantation and the

corresponding status of the COVID-19 pandemic. The

monthly numbers of CIED implantations in the three

periods and corresponding COVID-19 cases are shown in

Table 1. The total number of CIED implantations decreased

from 63,877 (PM: 89.57%; ICD:5.78%; CRT:4.66%) in the

pre-COVID-19 period to 52591 (PM,89.66%; ICD, 6.04%;

CRT,4.93%) in 2020. One year later, the number had

increased to 60795 (PM:89.10%; ICD:6.11%; CRT:4.79%)

in 2021.

Monthly changes in CIED implantations
in di�erent periods

The monthly numbers of CIED implantations and

confirmed COVID-19 cases in 2020 are shown in Figure 2A.

Compared with the pre-COVID-19 period, monthly CIED

implantations decreased by 17.67% (95% CI: 16.62–18.72%,

p < 0.001) in 2020. In the scatter plot, there was an inverse

linear relationship between changes in CIED implantation

and monthly confirmed COVID-19 cases (β = −806; 95%

CI: −1,349–−263, P = 0.008) (Figure 2A). The monthly

number of PM implantation decreased significantly by 17.58%

(95% CI: 16.48–18.69%, p < 0.001), with an inverse linear

relationship between changes in PM and confirmed cases

(β = −676; 95% CI: −1,143–−210, P = 0.009) (Figure 2B),

indicating that the monthly number of PM implantations

decreased 676 per 10-fold increase in the monthly number of

COVID-19 cases. The number of ICD and CRT implantation

decreased by 22.82% (95% CI: 18.53–27.21%, p < 0.001)

and 12.90% (95% CI: 7.99–17.82%, p < 0.001), respectively

(Supplementary Figure S1). Additionally, the first quarter of

2020 was the most pronounced period for CIED reductions

(Figure 1). The total number of CIED implantation decreased

by 6,229 compared to the same period in 2019 and accounted

for 55.2% of the total decline in 2020. Also, during this period,

there were 81,554 cases confirmed and 3,312 COVID-19-related

deaths reported, accounting for 93.7% of confirmed cases and

71.5% of deaths for the entire 2020 year, respectively. Since then,

the monthly number of COVID-19 cases and associated deaths

have decreased significantly and held steady, while similarly, the

magnitude of change in CIED implantation has kept stable.

As shown in Figure 2C, compared with the pre-COVID-19

period, the number of CIED implantations per month decreased

by 4.82% (95% CI: 3.74–5.91%, p < 0.001) in 2021, following the

decline in PM implantations (decreased by 5.32%; 95% CI: 4.18–

6.47%, p < 0.001) (Figure 2D). An inverse linear relationship

was observed between monthly changes in PM implantations

and the corresponding COVID-19 cases (β = −429; 95% CI:

−815–−42, p= 0.033) (Figure 2D), indicating that for every 10-

fold increase in case number per month, the monthly number of

PM implantations decreased by 429 in 2021, while it decreased

by 676 in 2020. The decreased number in 2020 was 36.5% higher

than in 2021. The monthly numbers of ICD (0.68%; 95% CI:

−3.89–5.25%, p = 0.771) and CRT (−2.08%; 95%CI: −7.14–

2.97%, p = 0.419) implantations were similar to those in the

pre-COVID-19 period (Supplementary Figure S1).

Compared with 87,071 COVID-19 cases in 2020, a

total of 15,243 cases were reported in 2021. The monthly

number of CIED implantations increased by 15.60% (95%

CI: 14.34–16.85%, p < 0.001) in 2021. The monthly number

of patients who underwent PM implantation increased by

14.88% (95% CI: 13.55–16.20, p < 0.001), whereas ICD

implantation increased by 30.45% (95% CI: 24.88–36.03%,
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FIGURE 2

The comparison of the monthly number of CIED in di�erent periods and the relationship between changes and COVID-19 cases. (A) CIED (2019

vs. 2020); (B) PM (2019 vs. 2020); (C) CIED (2019 vs. 2021); (D) PM (2019 vs. 2021). CIED, cardiac implantable electronic device; COVID-19,

Coronavirus disease 2019; PM, pacemaker.
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p < 0.001) and CRT implantation increased by 12.42% (95%

CI: 6.81–18.03%, p < 0.001). In particular, the total number

of PM and ICD implantations increased by 62.2 and 88.3%,

respectively, in the first quarter of 2021 compared to 2020

(Supplementary Figure S2).

Regional distribution of CIED
implantation

The regional distribution of CIED implantation in the pre-

COVID-19 period and 2020 is shown in Figures 3A,B. The

number of CIED implantation changed between 2019 and 2020,

and the corresponding confirmed COVID-19 cases for 2020

are shown in Figure 3C. Among included 31 provinces, 24

showed a decrease in CIED implantation in 2020, from −1.94–

−51.9%, with 19 provinces decreasing by more than 10% and

10 provinces decreasing by more than 20%. Hubei Province,

the initial outbreak area of COVID-19 in China, experienced

a 51.90% decrease in the number of CIED implantation in

2020. There was a significant inverse linear relationship between

changes in CIED implantation and regional COVID-19 cases

with a β of −13.68 (95% CI: −21.19–−6.16, p < 0.001). It

indicates that for every 10-fold increase in the regional number

of cases, the number of CIED implantation decreased by 13.68%.

A similar linear relationship could be also observed in PM (β

= −13.39; 95% CI: −20.78–−6.01, p < 0.001) and ICD (β =

−17.95; 95% CI: −34.61–−1.29, p = 0.036) groups. In 2021, 22

provinces showed an increase in total CIED implantation, with

17 provinces increasing by more than 10% and 14 provinces

increasing by more than 20%. In particular, 16 provinces have

already recovered or exceeded their CIED implantation volumes

in the pre-COVID-19 period, ranging from 4.27 to 63.53%.

However, the linear relationship between changes in CIED

implantation and regional COVID-19 cases was not significant

anymore in 2021 (β = −12.40; 95% CI: −26.77–−1.97, p

= 0.088).

Changes in CIED proportion in di�erent
levels of centers

As shown in Table 2, from 2019 to 2021, all 84 major

centers from 28 provinces were responsible for 45.79% of

CIED implantation; however, the composition ratio gradually

changed. Compared with 52.49% in the pre-COVID-19 period,

the proportion of CIED implantation in secondary centers

increased to 54.15% in 2020 (p < 0.001) and further increased

to 56.77% by 2021 (p < 0.001). This followed the increasing

proportion of PM implantations in secondary centers, which

increased to 56.35% in 2020 (p< 0.001) and 59.03% in 2021 (p<

0.001). Although major centers were responsible for more ICD

implantation, the ICD implantation proportion in secondary

centers increased by 5.7% from 2019 to 2021 (p < 0.001).

However, there were no significant changes in the proportion

of CRT implantation over the three years (p= 0.742), and major

centers accounted for two-thirds of the CRT implantation.

The proportion of CIED implantation in secondary centers

in each province during the pre-COVID period and 2021 are

shown in Figures 4A,B. A linear relationship was observed

between changes in the proportion of CIED implantations in

regional secondary centers and the number of accumulated

COVID-19 cases in each province (β = 6.43 [95% CI:

0.47–12.39], p = 0.036) (Figure 4C). This indicated that

the proportion of CIED implantations in secondary centers

increased by 6.43% per 10-fold increase in the regionally

accumulated COVID-19 cases. The average increases in the

proportion of PM and ICD implantations in regional secondary

hospitals were 4.29% (95% CI: 1.07–7.52%) and 9.37% (95% CI:

4.93–13.82%), respectively. A linear relationship was observed

between changes in the proportion of PM implantations in

regional secondary centers and the corresponding number of

accumulated COVID-19 cases (β = 7.39 [95% CI: 1.28–13.49],

P = 0.019).

Discussion

This was the first report on the nationwide status of

CIED implantation in China comparing CIED implantation

changes in quantity and structure from 2019 to 2021. The main

findings were as follows: (1) Compared with the pre-COVID-19

period, the monthly numbers of CIED implantation decreased

significantly in 2020, which was closely related to the severity of

the epidemic; (2) the number of CIED implantation increased

significantly in 2021, and secondary centers were able to afford

more proportion of PM and ICD implantations during the

COVID-19 pandemic.

During the early phase of the COVID-19 pandemic, CIED

implantations decreased by 56.5% in northeastern Spain (9),

39.38% in Poland (12), 28% in the Veneto region of Italy

(10), and 48% in northwestern Greece (13). In agreement with

these reports, the number of CIED implantations in China also

decreased significantly in 2020. Possible reasons for the decline

in the early stages have been well-discussed (9–13). First, due to a

lack of experience in managing COVID-19, the sudden outbreak

of a large number of cases has caused unprecedented strains

on healthcare resources, which is supported by the significantly

higher number of related deaths. Elective procedures and non-

critical visits may be postponed or canceled to protect hospital

resources. Consequently, the reduction in CIED implantation in

China is most pronounced at this time. Moreover, governments

implemented large-scale public health measures such as stay-

at-home orders and lockdowns, resulting in a decline in

routine medical consultations. Notably, a reduction in urgent
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FIGURE 3

The distribution of CIED implantations in the pre-COVID period and 2020 and the relationship between changes and COVID-19 cases. CIED,

cardiac implantable electronic device; COVID-19, Coronavirus disease 2019. (A) Distribution of CIED implantations in 31 provinces in 2019. (B)

Distribution of CIED implantations in 31 provinces in 2020. (C) Changes of CIED implantations and COVID-19 cases in 2020.

PM implantation was reported in Italy after the COVID-19

outbreak (11). One possible explanation is that many patients,

fearing infection, may not seek medical services even for severe

symptoms. Therefore, it is essential to help patients properly

assess arrhythmia-related symptoms in order to reduce serious

complications and even death, resulting from delayed treatment.

In China, as compared with the reduction of 17.9% of

CIED implantation in 2020, the previous study reported that

the number of patients who received percutaneous coronary

intervention decreased by 12% during the initial outbreak of

COVID-19 (15). In the UK, the reduction of CIED was also

more pronounced than percutaneous coronary intervention,

but lower than the volume of cardiac ablation (9). It suggests

that the volume of all types of cardiac interventions has

declined to vary degrees due to the COVID-19 pandemic.

Patients with bradycardia seem to be more restricted in terms

of interventional therapy compared to patients with coronary

artery disease.

Unlike in the early stages of the pandemic, the number of

CIED implantations in 2021 increased significantly. Moreover,

compared with the pe-COVID-19 period, an inverse linear

relationship was observed between monthly changes in PM

implantations and corresponding monthly COVID-19 cases

in 2020 and 2021. However, for every ten-fold increase in

the monthly number of cases, the monthly PM implantations

decreased by 429 in 2021 but decreased by 36.5% from 676 in

2020. This indicates that institutions were able to afford more

operations in 2021 when faced with the COVID-19 pandemic.
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TABLE 2 Changes in CIED implantation in major and secondary centers from 2019 to 2021.

Major center (n = 84) Secondary center (n = 1,134) Total P value

Number Percentage Number Percentage

CIED

2019 29,902 47.16% 33,510 52.84% 63,412 <0.001

2020 23,861 45.85% 28,185 54.15% 52,046

2021 26,030 43.23% 34,182 56.77% 60,212

Total 79,793 45.42% 95,877 54.58% 175,670

PM

2019 25,618 45.13% 31,144 54.87% 56,762 <0.001

2020 20,353 43.65% 26,270 56.35% 46,623

2021 21,961 40.97% 31,642 59.03% 53,603

Total 67,932 43.27% 89,056 56.73% 156,988

ICD

2019 2,252 61.23% 1,426 38.77% 3,678 <0.001

2020 1,736 61.19% 1,101 38.81% 2,837

2021 2,060 55.56% 1,648 44.44% 3,708

Total 6,048 59.16% 4,175 40.84% 10,223

CRT

2019 2,032 68.37% 940 31.63% 2,972 0.742

2020 1,772 68.52% 814 31.48% 2,586

2021 2,009 69.25% 892 30.75% 2,901

Total 5,813 68.72% 2,646 31.28% 8,459

CIED, cardiac implantable electronic device; CRT, cardiac resynchronization therapy; ICD, implantable cardiac defibrillator; PM, pacemaker.

The results of all pairwise comparisons are significant in CIED and PM groups (all Bonferroni-adjusted P < 0.001), but not in the CRT group (P > 0.05). For ICD group, no difference

between 2019 and 2020 (P = 0.995), while there was a significant increase in 2021 (Bonferroni-adjusted P < 0.001).

It suggests that the impact of the COVID-19 pandemic on

CIED implantation is diminishing in China. A reasonable reason

may be that the pandemic has been effectively controlled to

a certain extent, supported by the significantly reduction in

newly confirmed COVID-19 cases in 2021. Thus the direct

occupation of healthcare resources by COVID-19 may be

significantly alleviated.

Although the volume of CIED implantations increased

significantly in 2021, further analysis indicated that the growth

was mainly attributed to the increase in implantation in

secondary centers. The proportion of CIED implantation in

secondary centers increased from 52.84% in the pre-COVID-

19 period to 56.77% in 2021. Moreover, for every 10-fold

increase in regional COVID-19 cases, the CIED implantation

proportion of secondary centers increased by 6.43% in 2021.

This indicates that in provinces with more experience with

fighting COVID-19, regional secondary centers were able to

undertake more operations. A possible reason for this is that

the major centers were primarily located in central cities

with a good flow of people, which were more likely to be

constrained by strict policies. Therefore, patients are unable

to travel to major centers for surgery and may have to visit

local secondary hospitals. Under these circumstances, the “3R

telemedicine project” may have contributed to the changes.

To better improve the ability of secondary medical centers in

CIED implantation, the following areas deserve more attention.

First, to establish a timely and stable connection between major

regional medical centers and surrounding secondary hospitals in

order to provide timely and effectivemedical services to patients.

Second, Amid the pandemic, telemedicine helped ensure the

continuity of medical care (22). Remote-monitored CIED has

also been recommended to reduce the need for non-urgent clinic

visits (7, 24). Thus, more systematic telemedicine, including

remote training and real-time guidance, and remote follow-up

may be recommended to realize the full potential of secondary

centers. Finally, major centers have accounted for two-thirds

of CRT implantation over the 3 years. Considering the safety

and success rate of the procedure, routine PM and selected ICD

procedures may be performed in secondary hospitals, especially

in those with relevant experience. But for CRT candidates with

refractory heart failure, a medical visit to a major center is

still recommended.

Limitations

This study had several limitations. First, it was based on an

administrative database rather than a clinical database. While
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FIGURE 4

The proportion of CIED implantations in secondary centers in 2019 and 2021 and the relationship between the changes and cumulative

COVID-19 cases. CIED, cardiac implantable electronic device. COVID-19, Coronavirus disease 2019. (A) CIED proportion of secondary hospitals

in 2019. (B) CIED proportion of secondary hospitals in 2021. (C) Cumulative COVID-19 cases and changes CIED proportion of secondary

hospitals.

this approach was useful for collecting national data, it was scant

in clinical detail such as patient characteristics. Therefore, more

baseline characteristics of patients deserve further identification,

such as the urgency of the condition and the severity of

comorbidities. Additionally, there may be a few hospitals with

CIED implantation capacity that are not currently included

in the NCCQI system, which may lead to an underestimation

of the overall implantation volume. Second, this study was

observational in nature. Although certain trends have been

observed within different pandemic periods, we cannot conclude

that the reported associations were causative. Both the change in

volume and structure may have been affected by many factors,

and a single factor or intervention may have only partially

influenced the outcome. Third, telemedicine was proposed to

improve the ability of secondary centers to undertake CIED

implantation. Although the proportion of CIED implantation in

secondary centers increased significantly during the pandemic,

the effect of telemedicine has not been quantified. More detailed

research is needed to verify the safety and effectiveness of

telemedicine in CIED implantation.

Conclusion

Compared with the substantial reduction in the number

of CIED implantation in 2020, CIED implantations increased

significantly in 2021. The impact of the COVID-19 pandemic on

CIED implantation is diminishing in China. Secondary centers

have great potential to undertake more routine operations under

systematic guidance, well worth our deep concern. Improving
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the ability of secondary centers may be a critical way to relieve

the strain on healthcare resources during the epidemic.
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